The Rice
INTRODUCTION
In the past, biologists have made great efforts to isolate useful genes one at a time by using genetic and molecular biological approaches such as positional cloning (in which the map position of a gene is determined by using various DNA markers) and by ®nding mutated DNA sequences on the gene. Now, in the post-genome-sequence era, the style of genomic research has changed dramatically.
In research on rice (Oryza sativa), the National Institute of Agrobiological Sciences (NIAS) at Tsukuba, Japan, and its collaborators have constructed useful tools for functional genomics through the Rice Genome Project of Japan. These tools consist of approximately 30 000 full-length cDNAs, over 700 expression pro®les developed by using an 8987-EST microarray, a high-quality genomic sequence that has 99.99% accuracy, a genetic map with approximately 3200 DNA markers, and about 50 000 transposon insertion lines. All of this material is accessible to the public from the Knowledgebased Oryza Molecular biological Encyclopedia (1) (KOME: see URL in Table 1 Table 1 ) at NIAS (see URL in Table 1 ). These tools greatly increase the ef®ciency and accuracy of research on rice functional genomics, such as the identi®cation of the genes that control particular phenotypes.
However, we still need a uni®cation tool that can be used dynamically to collect and collate genomics data from many databases on the basis of the input of just one sequence, gene ID, or keyword.
Such uni®cation tools have been developed for mouse and worm genomics and are capable of gathering genomics tools and information world-wide. Integrated genomics tools are publicly accessible at Mouse Genome Informatics (www. informatics.jax.org/), FANTOM (4) (fantom2.gsc.riken.go.jp/) and WormBase (5) (www.wormbase.org/).
In the plant world, biological tools for functional genomics already exist. For example, for Arabidopsis thaliana, we have the Arabidopsis Information Resource (TAIR: arabidopsis. org/home.html); the Arabidopsis EST Index (6) (www.kazusa. or.jp/en/plant/arabi/EST/); and the RIKEN Arabidopsis fulllength cDNA database (7) (pfgweb.gsc.riken.go.jp/pub_data/ full_length.html). However, the genomics resources for such databases are scattered globally. In contrast, the biological resources for rice research in Japan have been gathered centrally by NIAS and its collaborators. We therefore have been able to develop a search uni®cation tool, Rice PIPELINE, that can be used to ®nd various types of genomics information, for example, to identify a gene or to ®nd a mutated DNA sequence on the gene.
Here, we describe how the tool can be used for computerbased study of rice functional genomics. Table 1 ) is to provide a unique scienti®c resource on rice that pools publicly available data and makes them readily available through the input of any clone sequence, clone name, GenBank accession number, or keyword. For example, in the case of a sequence query, users can select the BLAST condition, the type of full-length cDNA information (nucleic acid, amino acid), indica and japonica genome information, and the microarray EST before they submit the query. The user is presented with a multiple BLAST search result ( Fig. 1 ) that presents data from the selected database according to similarity alignments. The data are composed of microarray EST information, annotations on the nucleotides and amino acids from full-length cDNAs, and genome information from the two rice cultivars (indica and japonica). For additional information, the user can click on the clone name in`Full-length cDNA BLASTN Result' or iǹ Full-length cDNA Longest ORF BLASTX Result' to obtain the results of a cis-element search using PLACE (8) (see URL in Table 1 ), a gene expression pro®le, phenotype information, or other details such as domain search results and gene ontology (GO) classi®cation. Users can also obtain expression pro®les directly from multiple BLAST search results by using the`search RED' function. Figure 2 is an information¯owchart showing how Rice PIPELINE is constructed. The top pathway in the ®gure shows the¯ow of gene structural information that results from a query. From Rice PIPELINE, users can obtain a GenBank report and a KOME report containing nucleic acid and amino acid analyses, domain search results, and GO information. Via the KOME report, they can also obtain further information on the cis-element motif at the 5¢ upstream region of the fulllength cDNA by a PLACE search, phenotype information with anking sequences from Tos17, and an expression pro®le from RED. Such information can be used for isolating transcriptional factors by computer and for elucidating gene structure.
INFORMATION FLOWCHART
The middle pathway in Figure 2 shows the¯ow of gene expression information that results from a query. From Rice PIPELINE, users can obtain a GenBank report, a MAFF DNA Bank report, and an expression pro®le link with RED. Additionally, from the RED expression pro®le they can obtain genetic and physical map information on the INE link. The information obtained by this middle¯ow pathway facilitates the identi®cation of function from expression pro®ling of the gene under various physiological conditions.
The bottom pathway in Figure 2 shows the¯ow of genome information from the BLAST results of a query. Users receive genetic and physical map information, including genome sequences, on INE as a result of a japonica genome search on Rice PIPELINE. The INE map information is directly linked with the GenBank report. Users can also obtain a GenBank report from an indica genome search. The information obtained by this bottom¯ow pathway facilitates highresolution genetic mapping, positional cloning of target genes, and genetic dissection of quantitative trait loci (QTLs).
INTEGRATED DATABASES IN RICE PIPELINE
Rice PIPELINE integrates a number of databases (KOME, INE, RED, Tos17, PLACE) to make O.sativa data easy to navigate. It is designed to provide easily accessible and comprehensive information on rice functional genomics. Below, we outline the information provided by each database.
INE is a database that integrates the genetic map, physical map and sequencing information of the rice genome. Integrated maps are presented for each chromosome. A marker search leads directly to the data available on speci®c DNA clones. This information can be used to identify gene function and elucidate chromosome structure. KOME is a database of rice full-length cDNAs of 28 469 unique genes at present (1) . For all cDNAs, the user can perform full sequencing, nucleotide analysis, amino acid analysis, GO classi®cation and digital mapping on the genome sequences of indica and japonica cultivars. The database also has cis-element information on each clone from PLACE, phenotype information linked with the mutant panel database Tos17 and expression information linked with RED.
PLACE is a database of motifs found in plant cis-acting regulatory DNA elements, all from previously published reports. It covers vascular plants only. A cis-element search can be performed by using PLACE to excise 1000 base pairs (bp) of genomic sequence upstream from the 5¢ termini of On-screen appearance of the results of a Rice PIPELINE search. The top two parts show the results of a query to the full-length cDNA database, KOME. The clone name is linked with KOME by the details of its full-length cDNA. The mapping data and BLASTN and BLASTX search results are directly linked with the GenBank report. The items at the right end of the result (`Japonica',`Indica',`Array' and`Tos17') relate the full-length cDNA data to information on genome sequence, microarray ESTs and¯anking sequence in the Tos17 mutant line. The next major item down shows the results of a microarray search of 8987 EST clones. The accession is directly linked with the GenBank report, and MAFF is directly linked with the DNA Bank Rice Database (MAFF DNA Bank: see URL in Table 1 ). A search of RED is also possible. The two major items at the bottom show the results of a query of the indica and japonica genome sequences. The accession corresponding to the japonica genome BLASTN result is linked with genetic and physical map information on the INE Database. The accession corresponding to the indica genome BLASTN result is linked with the GenBank report. Each alignment map shows the match between the query and result sequences. The red bar in each result sequence is linked with the KOME report, INE information, the MAFF DNA Bank report and the GenBank report.
Nucleic
Opening Site (RMOS: see URL in Table 1 ). This function enables a search of cis-elements from the expression pro®les of ESTs on the rice microarray. The rice retrotransposon Tos17, which is highly activated by tissue culture, has been used for insertional mutagenesis of rice. NIAS has collected 15 111¯anking sequences with Tos17 insertions in about 3765 mutant lines from about 50 000 insertion lines. The Tos17 mutant panel database enables the user to link¯anking sequences with phenotype information by using BLAST. With this database, users can perform gene function analysis by computer and reverse genetics. To search these mutant lines, users are required to register on the Tos17 site (see URL in Table 1) .
RED contains normalized expression data derived from experiments using various RNAs hybridized to the Rice 9000 cDNA Array (over 700 experiments in 26 physiological categories). All of the expression data are shown as values of the expression ratio. The web-based form of RED can also be directly accessed from RMOS. RMOS includes information on our microarray system, including microarray design, EST clone information linked with the full-length cDNA information of KOME, and our experimental system and protocols.
The Rice Genome Resource Center (http://www.rgrc.dna. affrc.go.jp/index.html.en) will make the above material available world-wide from 2004.
THE FUTURE
We are already beginning to integrate rice genomics information accumulated by NIAS and phenotype-level information on various lines and mutants with genetic map information in the Oryzabase (see URL in Table 1 ) run by the National Institute of Genetics. This integration will make it possible for scientists to view information at both the molecular and phenotype levels.
RICE GENOMICS IN JAPAN
The rice genome sequence was determined at a highly accurate level (99.99%) by the efforts of the International Rice Genome Sequencing Project (9,10), Syngenta (11) and the Beijing Genomics Institute (12) . We now have the whole genome sequence of a monocot plant (O.sativa) and a dicot (A.thaliana).
Because of the availability of this high-quality sequence information, the research stage will now shift from genome sequencing to functional genomics. Rice is not only a very important agricultural resource but also a model plant for biological research. There are now many kinds of genomics tools for rice, including high-quality sequence data, full-length cDNAs, ESTs (13), DNA chip technology (14) , information on mutant lines, and genetic (15) and physical maps (16) . Rice and A.thaliana will continue to be used in research because of their importance in the genetic improvement of crops, although in Japan the resources available for rice research are greater than those for Arabidopsis. Genes for controlling heading date (17) , growth and development (18) , viviparyrelated genes (19) , and genes involved in adaptation to Fede®ciency (20) and control of¯our quality (H.Shimada, Science University of Tokyo, personal communication) have Figure 2 . Flow of information in Rice PIPELINE. The top pathway shows the¯ow of gene structural information from the query. Users can obtain a GenBank report and a KOME report containing nucleic acid and amino acid analyses, domain search results and GO classi®cation from Rice PIPELINE. They can also obtain information on cis-element motifs, phenotypes with¯anking sequences, and expression pro®les via the KOME report. The middle pathway shows the¯ow of gene expression information from the query. Users can obtain a GenBank report, a MAFF DNA Bank report, and an expression pro®le from Rice PIPELINE. Additionally, they can use genetic and physical map information on an INE link with RED. The bottom pathway shows the¯ow of genome information from BLAST results. Users can utilize map information, including genome sequences, from a PIPELINE search of the japonica genome. The map information of INE is directly linked with the GenBank report. Users can also obtain a GenBank report from the results of a PIPELINE search of the indica genome.
D386 Nucleic Acids Research, 2004, Vol. 32, Database issue already been isolated from O.sativa at NIAS by using various functional genomics tools and materials. This rice research will continue to help unlock the genetic secrets of plants and develop rice as a better food resource world-wide.
